Abstract: Increasing evidence suggests that climate change affects bird breeding phenology and other life-history traits of wildlife. This study is based on the mean spring temperatures (February, March, April) and laying dates of first eggs of the marsh tit Parus palustris. We collected data from 1984 to 2004 for the Mokrice area in NW Croatia. Correlation between laying date and mean spring temperatures was significant. The relationship between mean laying date (y) and air temperature (x ) can be expressed as y = 44.69 − 2.08x. Results indicate that spring temperatures are a good predictor of timing of laying eggs. Such long-term data could than be used in order to assess the effects on biological systems if human activities influence climate.
Introduction
According to Hughes (2000) climate change is producing significant effects on plant and animal species (habitat selection, physiology, phenology, etc.). Many papers have shown the sensitivity of bird species as monitors of climate trends (e.g., Koike & Higuchi, 2002; Parmesan & Yohe, 2003) . Some birds have started nesting earlier (e.g., Duun & Winkler, 1999) and some birds have moved their former northernmost border for nesting (e.g., Thomas & Lennon, 1999) . The change affects the migration of birds (e.g., Tryjanowski et al., 2002) . Climate change has been located over the continents between from 40
• N to 70
• N (Wallace et al., 1996) . Concern about effects of climate change has resulted in renewed interest in the relationship between air temperature and breeding date. Among biologist, there is a growing concern about how global climate change may affect phenology and lifehistory traits (Sanz, 2002) . Marsh tits, Parus palustris L., 1758, although breeding in similar habits as great tits Parus major L., 1758 and blue tits Parus caeruleus L., 1758, have been much less intensively studied; this probably stems from the fact that they are much less numerous than the great or blue tits (Weso lowski, 1998) . Most data about their breeding characteristics were collected in Sweden (e.g., Smith, 1993) and Poland (e.g., Weso lowski, 2000 .
In this study, long-term variation in the egg-laying date of the marsh tit P. palustris was investigated to examine their breeding phenology in relation to surface spring temperatures.
Material and methods
A nestbox-breeding population of marsh tit was studied during 1984-2004 
in the Mokrice area (45
• 00 N, 15
• 55 E) in NW Croatia. About 150 nestboxes, distributed in mixed deciduous forests, with densities ranging from 5 to 6 nestboxes per ha were monitored. Annual average of number of breeding pairs for research period was 17.03 nests per year (in total 358 nests). The deciduous forests were dominated by pedunculate oak Quercus robur and hornbeam Carpinus betulus. Only clutches from pairs that bred in nestboxes were included. Wooden nestboxes (dimensions 120 × 120 × 230 mm) with a 29 mm entrance hole were used. All nestboxes had a sliding top in order to monitor nesting. Nests were inspected every 1-5 days. Laying date is the day on which the first egg in the clutch was laid, which was determined by back counting and assuming that one egg was laid every day. This method was previously used by BOTH & VISSER (2005) . Only the first clutches were included (without replacement ones). Spring air temperature was calculated as a mean of 
Results
The mean laying date of the marsh tit population was 1 April (range, 18 March 1994 -12 April 1996 . Correlation between spring temperature and year was marginally non-significant (r = 0.401, P = 0.073, n = 21; Fig. 1 ) with the regression equation y = −235 + 0.12x. Correlation between laying date and the mean spring temperature was significant (r = −0.611, P = 0.003, n = 21; Fig. 2) . The relationship between mean laying date (y) and air temperature (x) can be expressed as y = 44.69 − 2.08x. There is no significant correlation between mean laying date and year (r = −0.185, P = 0.421, n = 21). The regression equation was y = −360.1 − 0.20x. Correlation between year and number of nests per year was non-significant (r = 0.232, P = 0.312, n = 21).
Discussion
Spring temperatures in temperate regions have increased over the past 20 years and many organisms have responded to this increase by advancing the timing of their growth and reproduction (Visser et al., 2003) . Many bird species have been shown to be laying progressively earlier in response to global warming (e.g., Crick et al., 1997) . The results of this study agree with those of, e.g., Winkel & Hudde (1997) , Sergio (2003) or Both & Visser (2005) that spring temperatures are an important determinant of egg-laying time in birds. The dependence of timing of breeding on spring temperatures probably reflects the condition of the ecosystem, which is closely connected with the development of vegetation when birds occupy breeding territories, nest building, egg laying, incubation and other parameters (Sokolov & Payevski, 1998) . According to McClery & Perrins (1998) , early warm weather enables the birds to breed earlier because the food supply they need for breeding becomes available earlier. However, Visser et al. (2003) showed that variation in timing of laying across European tits Parus populations cannot be fully explained by temperature change. For birds, earlier nesting could be beneficial if juvenile survival is enhanced by a prolonged period before winter; conversely, birds may be adversely affected if they become unsynchronized with the phenology of their food supplies (Crick et al., 1997) . Both & Visser (2005) found that pied flycatchers Ficedula hypoleuca (Pallas, 1764) can compensate their mismatch between timing of laying and peak of food abundance with other traits, such as clutch size and onset of incubation. Obviously, this species optimize over the whole complex of life-history traits and future studies should try to confirm these findings in another bird species. Although the complexities of multi-trophic interactions are important areas for research, there is still much work needed in the area of understanding the impact of climate change on the population dynamics of individual species (Crick, 2004) .
